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(57) ABSTRACT

A lighting device includes a base unit arranged on a medium
installation face on which a medium is disposed, an arm unit
extending upwardly from the base unit, a top unit extending
from the arm unit so as to face the medium installation face,
a mounting face disposed on the top unit to mount an image
capturing unit at a position capable of photographing the
medium on the medium installation face, a lighting disposed
in the top unit to irradiate the medium installation face, and a
lighting control unit configured to adjust an amount oflight of
the lighting. The lighting control unit sets the amount of light
of the lighting to a maximum at the time of photographing
and, after the photographing, returns the amount of light to
that before the photographing.
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LIGHTING DEVICE, IMAGE CAPTURING
SYSTEM, AND LIGHTING CONTROL
METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2013-226935,
filed Oct. 31, 2013, the entire contents of which are incorpo-
rated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a lighting device, an image
capturing system, and a lighting control method.

2. Description of the Related Art

When capturing an image of, i.e. photographing an object
using a camera, there are many cases where the object is
photographed using not only natural light but also light emit-
ted from a lighting device such as a fluorescent lamp or LEDs.
However, when photographing the object using the light
emitted from the lighting device, there are cases where a
flicker noise is generated in a photographed image due to
flicker of the emission light by using an AC power supply as
the power supply. Thus, among conventional image capturing
apparatuses, there are apparatuses that eliminate flicker by
integrating an image while changing shutter speed or a gain
value (for example, Japanese Laid-open Patent Publication
No. 7-298130) or by detecting a flicker frequency and per-
forming control of the shutter speed to be higher than the
detected flicker frequency (for example, Japanese Laid-open
Patent Publication No. 9-284634).

Generally, in a lighting device, the amount of light is
adjusted such that the light is emitted with a brightness level
preferred by a user using the light emitted from the lighting
device. However, the brightness level at this amount of the
light may be different from a brightness level that is appro-
priate to a photographing process performed by a camera.
Accordingly, in the case of photographing an image by a
camera using light emitted from a lighting device, acquisition
of an appropriate image is apt to become difficult. Conse-
quently, it is quite difficult to acquire a function as a lighting
device where light is emitted with a brightness level preferred
by the user, while acquiring an appropriate image where light
is emitted with a brightness level that is appropriate to the
photographing process performed in the camera.

SUMMARY OF THE INVENTION

It is an object of the present invention to at least partially
solve the problems in the conventional technology, and to
provide a lighting device, an image capturing system, and a
lighting control method capable of acquiring an optimal
image at the time of capturing an image and maintaining the
function as a lighting device at the other time.

According to an aspect of the present invention, a lighting
device comprises a base unit arranged on a medium installa-
tion face on which a medium that is a reading target is dis-
posed, an arm unit extending upwardly from the base unit, a
top unit extending from the arm unit so as to face the medium
installation face, a mounting face disposed on the top unit to
mount an image capturing unit at a position capable of pho-
tographing the medium disposed on the medium installation
face, a lighting disposed in the top unit to irradiate the
medium installation face, and a lighting control unit config-
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ured to perform driving control to adjust an amount of light of
the lighting, wherein the lighting control unit is configured to
set the amount of light of the lighting to a maximum at the
time of photographing and, after the photographing, return
the amount of light of the lighting to the amount of light
before the photographing.

According to further aspect of the present invention, an
image capturing system comprises a lighting device which
includes a base unit arranged on a medium installation face on
which a medium that is a reading target is disposed, an arm
unit extending upwardly from the base unit, a top unit extend-
ing from the arm unit so as to face the medium installation
face, a mounting face that is disposed on the top unit to mount
an image capturing unit at a position capable of photograph-
ing the medium disposed on the medium installation face, a
lighting disposed in the top unit to irradiate the medium
installation face, and a lighting control unit configured to
perform driving control to adjust an amount of light of the
lighting, wherein the lighting control unit is configured to set
the amount of light of the lighting to a maximum at the time
of photographing and, after the photographing, return the
amount of light of the lighting to the amount of light before
the photographing, and an image capturing unit configured to
photograph the medium.

According to still further aspect of the present invention, in
amethod of controlling lighting of a lighting device including
a base unit arranged on a medium installation face on which
a medium that is a reading target is disposed, an arm unit
extending upwardly from the base unit, a top unit extending
from the arm unit so as to face the medium installation face,
a mounting face disposed on the top unit to mount an image
capturing unit at a position capable of photographing the
medium disposed on the medium installation face, and a
lighting disposed in the top unit to irradiate the medium
installation face, the method comprises irradiating the
medium installation face with an amount of light of the light-
ing, setting the amount of light of the lighting to a maximum
at the time of photographing; and after the photographing,
returning the amount of light of the lighting to the amount of
light before the photographing.

The above and other objects, features, advantages and tech-
nical and industrial significance of this invention will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the invention,
when considered in connection with the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view that illustrates a schematic
configuration of an image capturing system according to an
embodiment;

FIG. 2 is a side view of the image capturing system illus-
trated in FIG. 1;

FIG. 3 is a plan view of the image capturing system illus-
trated in FIG. 1;

FIG. 4 is a perspective view of a lighting device illustrated
in FIG. 1;

FIG. 5 is a functional block diagram of the image capturing
system illustrated in FIG. 1;

FIG. 6 is a schematic diagram that illustrates a PWM
control process;

FIG. 7 is a flowchart illustrates a control sequence at the
time of an operation of the lighting device included in the
image capturing system illustrated in FIG. 1;
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FIG. 8 is a flowchart that illustrates a control sequence at
the time of the operation of a smartphone included in the
image capturing system illustrated in FIG. 1; and

FIG. 9 is a control transition diagram between the lighting
device and the smartphone at the time of scanning a medium.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, a lighting device, an image capturing system,
and a light control method according to an embodiment of the
present invention will be described in detail with reference to
the drawings. However, the present invention is not limited to
such an embodiment. In addition, in constituent elements of
the embodiment described below, elements with which the
constituent elements can be easily replaced by those skilled in
the art or elements that are substantially the same as the
constituent element are included.

Embodiment

FIG. 1 is a perspective view that illustrates a schematic
configuration of an image capturing system according to an
embodiment. FIG. 2 is a side view of the image capturing
system illustrated in FIG. 1. FIG. 3 is a plan view of the image
capturing system illustrated in FIG. 1. An image capturing
system 1 illustrated in FIGS. 1 to 3 is a scanner system that
performs a scanning operation of generating image data of a
medium 6 by photographing the medium 6 that is a reading
target disposed on a medium installation face 5 from the
upper side by a predetermined image capturing unit. In this
embodiment, as an example of the image capturing unit, a
smartphone 2 having a camera function will be described.

The image capturing system 1 according to this embodi-
ment is equipped with a smartphone 2 and a lighting device 3
that can mount the smartphone 2 at the time of scanning by
performing photographing using the smartphone 2. When the
smartphone 2 is mounted at a predetermined position (on a
mounting face 34 to be described later) of the lighting device
3, the image capturing system 1 can position the smartphone
2 precisely and can acquire a scan image of a predetermined
area 7 to be photographed (hereinafter, photographed area 7)
using the smartphone 2. In the description presented below,
the upward/downward direction in FIG. 1 will be described as
the upward/downward direction of the image capturing sys-
tem 1 and the lighting device 3, the front side in FIG. 1 will be
described as the front direction of the image capturing system
1 and the lighting device 3, and the rear side in FIG. 1 will be
described as the back direction of the image capturing system
1 and the lighting device 3. That is, with respect to the image
capturing system 1, specifically, with respect to a base 31, as
disclosed in FIG. 1, a side facing the medium 6 is defined as
the front side of the image capturing system 1 and the lighting
device 3, and an opposite side to the front side is defined as the
back side of the image capturing system 1 and the lighting
device 3. A direction from the back side of the image captur-
ing system 1 toward the front side of the image capturing
system is defined as a front direction, and a direction opposite
to the front direction is defined as a back direction.

On the rear face of the smartphone 2, an image capturing
unit 21 performing a camera function is disposed. The image
capturing unit 21 can perform a scanning operation (here,
“scanning operation” means photographing a predetermined
photographed area 7, as described in the specification later) in
accordance with an operation instruction transmitted from a
CPU 25 (FIG. 5) of the smartphone 2. In a state in which the
smartphone 2 is mounted on the mounting face 34 of the
lighting device 3, the image capturing unit 21 can photograph
the entirety of a predetermined photographed area 7 and
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generate a scanned image (i.e., a photographed image)
including the entirety of the photographed area 7.

The lighting device 3 is equipped with three members of a
base unit 31, an arm unit 32, and a top unit 33. Among these,
the base unit 31 is arranged on the medium installation face 5.
The arm unit 32 is connected to the upper face of the base unit
31 and upwardly extends from the base unit 31. Here, the
extending direction of the arm unit 32, as illustrated in FIGS.
1 to 3, may be a vertically upward direction or a direction
inclined to the front side (the side on which the medium 6 is
disposed) or the back side (a side opposite to the side on
which the medium 6 is disposed) from the vertically upward
direction.

The top unit 33 is connected to the arm unit 32 and extends
from the arm unit 32 so as to face the medium installation face
5. In this embodiment, as illustrated in FIG. 2, the top unit 33
is connected to an upper end portion of the arm unit 32,
extends to the front side at a position of a height at which the
arm unit 32 is connected, and extends toward the upward
inclination from the horizontal direction.

The base unit 31, the arm unit 32, and the top unit 33 of the
lighting device 3 are integrally fixed. In other words, a con-
nection portion between the base unit 31 and the arm unit 32
and a connection portion between the arm unit 32 and the top
unit 33 are fixedly disposed so as not to be deformed such as
being rotated, detached/attached, or moved.

FIG. 4 is a perspective view of the lighting device illus-
trated in FIG. 1. On an upper face 33a of the top unit 33 of the
lighting device 3, a mounting face 34 that is used for mount-
ing the smartphone 2 is disposed at a position where the
smartphone 2 can photograph the medium 6 disposed on the
medium installation face 5.

The mounting face 34 is formed by being recessed from the
upper face 33a of the top unit 33. The placement surface 34 is
formed 33a. The mounting face 34 is disposed such that a part
of rear face of the smartphone 2 in the longitudinal direction
thereof protrudes from the distal end of the top unit 33 when
the smartphone 2 is mounted. In other words, the mounting
face 34 is formed from the front end of the top unit 33 over the
rear side (the direction of the armunit 32) thereof, and the area
of'the mounting face 34 is smaller than the area of the rear face
of the smartphone 2. In addition, the length of the mounting
face 34 in the front/back direction is shorter than the length of
the smartphone 2 in the longitudinal direction. Accordingly,
the smartphone 2 can be mounted on the mounting face 34
with the image capturing unit 21 disposed on the rear face of
the smartphone 2 not being hidden by the mounting face 34.
In other words, when the smartphone 2 is mounted on the
mounting face 34, the image capturing unit 21 is positioned so
as to directly face the medium installation face 5, and accord-
ingly, the image capturing unit 21 can image the medium 6
disposed on the medium installation face 5. In addition, by
forming the mounting face 34 as such, smooth mounting and
dismounting of the smartphone 2 is available.

Between the upper face 33a of the top unit 33 and the
mounting face 34, steps or steps are formed. More specifi-
cally, a step 354 that is brought into contact with the lower
portion of the smartphone 2 in the longitudinal direction and
steps 356 and 35¢ that are brought into contact with right and
left side faces of the smartphone 2. Namely, the steps 35a,
35b, and 35¢ are provided so as to abut the smartphone 2 from
three directions. The steps 35a and 355 are connected at an
approximately right angle, the steps 35a¢ and 35¢ are con-
nected at an approximately right angle, and the steps 356 and
35¢ are arranged in parallel with the front/back direction. By
bringing such steps 35a, 355, and 35c¢ into contact with the
smartphone 2, the position of the smartphone 2 can be deter-
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mined to be a predetermined position. In other words, the
steps 35a, 35b, and 35¢ formed between the upper face 33a of
the top unit 33 and the mounting face 34 serve as a positioning
unit that is used for positioning the smartphone 2 at a prede-
termined position on the mounting face 34.

Thus, when the smartphone 2 is mounted on the mounting
face 34, by only causing the lower portion of the smartphone
2 in the longitudinal direction to abut against the step 35a, the
smartphone 2 can be mounted by being easily positioned at a
predetermined position on the mounting face 34. In addition,
as described above, since the top unit 33 is inclined, the
mounting face 34 is disposed to be inclined in the downward
direction with respect to the horizontal direction from the
front side to the rear side of the top unit 33. Accordingly, it is
easy to cause the smartphone 2 to abut against the step 35a.

The installation position of the mounting face 34 is set such
that there is a distance between the image capturing unit 21 of
the smartphone 2 and the medium installation face 5 to some
degree for which the entirety of a predetermined photo-
graphed area 7 disposed on the lower side can be imaged
when the smartphone 2 is mounted on the mounting face 34.
Described in more detail, the mounting face 34 is configured
such that, when the smartphone 2 is mounted on the mounting
face 34, the photographed area 7 of the smartphone 2 includes
an area in which the medium 6, which neighbors to the front
side of the base unit 31 of the lighting device 3, is arranged
and a front-side upper face portion of the base unit 31.

In addition, on the upper face of the base unit 31 of the
lighting device 3, a scan switch 36, a lighting switch 37, and
a power switch 38 are disposed. Furthermore, on the lower
face of the top unit 33 of the lighting device 3 that faces the
medium installation face 5, a lighting light emitting diode
(LED) 39 is disposed. The scan switch 36, the lighting switch
37, the power switch 38, and the lighting LED 39 are electri-
cally connected to a control unit 40 (see FIG. 5) that is
equipped inside the lighting device 3. Such switches may be
disposed at positions other than on the top face of the base unit
31. For example, the power switch 38 may be disposed on the
rear face of the base unit 31. In addition, instead of disposing
the power switch 38 in the lighting device 3, the lighting
device 3 may be turned on/off by plugging or unplugging a
plug-in plug included in the lighting device 3 into a plug
socket.

The scan switch 36 is an input unit that receives an instruc-
tion of a scan manipulation that causes the smartphone 2 to
perform a scanning operation from the user. In addition, the
lighting switch 37 is an input unit that is used for switching
over On and Off of the lighting LED 39 and for adjusting the
amount of light emitted from the lighting LED 39. In addition,
the power switch 38 is a switch that switches over conduction
and non-conduction between an external power supply 50
(see FIG. 5) and the lighting device 3. In addition, the lighting
LED 39 is arranged on the lower face of the top unit 33 such
that an emission range 8 at the time of emission is substan-
tially the same as the photographed area 7 of the smartphone
2, and the photographed area 7 can be evenly lighted.

FIG. 5 is a functional block diagram of the image capturing
system illustrated in FIG. 1. The smartphone 2 configuring
the image capturing system 1 together with the lighting
device 3 is equipped with the image capturing unit 21, a
communication unit 22, an image processing unit 23, a
recording unit 24, and a central processing unit (CPU) 25. The
image capturing unit 21, the communication unit 22, the
image processing unit 23, and the recording unit 24 are elec-
trically connected to the CPU 25.

The communication unit 22 is configured to be capable of
communicating with the lighting device 3 and, for example,
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performs wireless communication using the Bluetooth (reg-
istered trademark). The communication with the lighting
device 3 may be performed using a technique other than the
Bluetooth, and any technique such as the near field commu-
nication (NFC) or the infrared communication that is capable
of performing communication between the smartphone 2
mounted on the mounting face 34 and the lighting device 3
may be used.

The image processing unit 23 is a part that performs arbi-
trary image processing for an image photographed by the
image capturing unit 21. The image processing unit 23, for
example, performs image processing for the image of the
medium 6 that is photographed by the image capturing unit 21
of the smartphone 2 mounted on the inclined mounting face
34 of the top unit 33 from the upper side of the inclination of
the medium 6 disposed on the medium installation face 5 to be
an image acquired by photographing the medium 6 from the
upper side in the vertical direction. The recording unit 24 is a
storage device that stores read data acquired by the image
capturing unit 21 and image data acquired by performing
image processing using the image processing unit 23. The
CPU 25 performs various calculation processes at the time of
communication with the lighting device 3 in the communica-
tion unit 22, at the time of a photographing process performed
by the image capturing unit 21, at the time of image process-
ing performed by the image processing unit 23, and the like.

On the other hand, the lighting device 3 is equipped with a
communication unit 45, a lighting LED 39, a scan switch 36,
a lighting switch 37, a power switch 38, and a control unit 40.
The communication unit 45, the lighting LED 39, the scan
switch 36, the lighting switch 37, and the power switch 38 are
electrically connected to the control unit 40.

The communication unit 45 is configured to be communi-
cable with the communication unit 22 of the smartphone 2
using the Bluetooth or the like. The smartphone 2 and the
lighting device 3 can communicate with each other through
wireless communication using the communication units 22
and 45 thereof.

The control unit 40 includes an LED driver 41 and a micro
processing unit (MPU) 42. Of these, the LED driver 41 is
configured to cause the lighting LED 39 to emit light and
adjust the amount of light at the time of light emission.
Accordingly, the control unit 40 including the LED driver 41
is arranged also as a lighting control unit that performs driv-
ing control for adjusting the amount of light of the lighting
LED 39. In addition, the MPU 42 transmits a control signal to
the LED driver 41 or the communication unit 45 in accor-
dance with an input manipulation that is input to the scan
switch 36 or the lighting switch 37, thereby being capable of
performing control of the light emission of the lighting LED
39 or control of the communication between the lighting
device 3 and the smartphone 2.

In addition, the power switch 38 is interposed between the
control unit 40 and the external power supply 50 and can
switch over the operation and the stop of the lighting device 3
by performing switching over conduction (On) and non-con-
duction (Off) between the control unit 40 and the external
power supply 50 in accordance with an input manipulation.

The image capturing system 1 according to this embodi-
ment is configured as described above, and, hereinafter, the
operation thereof will be described. Generally, the lighting
device 3 configuring the image capturing system 1 is used in
a lighting stand. When the lighting device 3 is used as the
lighting stand, the lighting switch 37 is depressed for a short
time with the power switch 38 being in the On state. An input
to this lighting switch 37 may be other than a strong depres-
sion and thus may be a tap on the lighting switch 37 or a
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contact (touch) with the lighting switch 37 according to the
form of the lighting switch 37. The MPU 42 that has detected
apress on the lighting switch 37 turns on the lighting LED 39
through the LED driver 41. Accordingly, the lighting LED 39
emits light for the emission range 8, and the lighting device 3
can light the lower side of the top unit 33 using the light
emitted from the lighting LED 39. When the lighting LED 39
that is in the turn-on state is turned off, the lighting switch 37
is depressed for a short time in a state in which the lighting
LED 39 is turned on. As a result, the MPU 42 turns off the
lighting LED 39 through the LED driver 41.

In addition, by depressing the lighting switch 37 for a long
time by continuously depressing the lighting switch 37 for a
predetermined time or longer in the state in which the lighting
LED 39 is turned on, the lighting device 3 can perform dim-
mer control. In a case where the lighting switch 37 is in a form
in which an input is made through a touch, the dimmer control
can be performed by continuously touching the lighting
switch 37 for a predetermined time or more. Described in
more detail, in the state in which the lighting LED 39 is turned
on, when the lighting switch 37 is depressed for a long time,
the lighting LED 39 repeats increasing and decreasing the
amount of light thereof, and, when a user using the lighting
device 3 separates his finger from the lighting switch 37 at a
time point at which the brightness level is preferred by the
user, the lighting LED 39 is continued to be turned on with the
brightness level being maintained.

In other words, when the MPU 42 detects that the lighting
switch 37 is depressed longer than a predetermined time in the
state in which the lighting LED 39 is turned on, the MPU 42
performs driving control for adjusting the amount of light of
the lighting LED 39 through the LED driver 41 such that the
increasing and decreasing of the amount of light is repeated
while the lighting switch 37 is depressed. In this dimmer
control state, when the MPU 42 detects that the lighting
switch 37 is not depressed, the MPU 42 performs driving
control for adjusting the amount of light of the lighting LED
39 through the LED driver 41 so as to maintain the amount of
light at that time point. As above, when the amount of light of
the lighting LED 39 is adjusted, the control unit 40 adjusts the
amount of light through pulse width modulation (PWM) con-
trol.

FIG. 6 is a schematic diagram that illustrates the PWM
control process. The PWM control process that is used for
controlling the amount of light of the lighting LED 39 will be
described with reference to FIG. 6. In the PWM control
process, a method is used in which the amount of light is
intermittently held down by opening and closing a circuit
between an LED 63, which is a light source, and a power
supply 61, which is the driving source of the LED 63, at high
speed. The opening and closing of the circuit at that time is
performed by opening and closing a switch 62 disposed in the
circuit using a controller 60.

Described in more detail, the controller 60 changes the
amount of light of the LED 63 by changing the ratio between
the On and Off states of the switch 62 in the period of a
predetermined frequency. In other words, by changing the
duty ratio that is a ratio of a time during which the switch 62
is closed to one period, the amount of light of the LED 63 is
changed.

For example, in a case where a current to the LED 63 is
continuously shut off by continuously opening the switch 62
in one period, the duty ratio is 0%. On the other hand, in a case
where a current continuously flows through the LED 63 by
continuously closing the switch 62 in one period, the duty
ratio is 100%. As above, in the PWM control process, by
changing the opening/closing time of the switch 62 in one
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period, the duty ratio is changed, whereby a time during
which the current flows through the LED 63 in one period is
changed. Accordingly, the light emission time of the lighting
LED 63 in one period is changed in accordance with the duty
ratio.

The electric power supplied from the power supply 61 is
supplied to an electrical circuit with a constant voltage
regardless of the elapse of time. In a case where the PWM
control process is performed, the PWM output is made only
for a time according to the duty ratio in accordance with an
elapse of time for each period of the PWM control process for
an input from the power supply 61. Accordingly, the light
emission time of the lighting LED 63 per unit time is changed
in accordance with the duty ratio, and therefore, the amount of
light per unit time is changed.

In the PWM control process, the amount of light of the
lighting LED 63 is adjusted as above, and, also in the lighting
device 3 included in the image capturing system 1 according
to this embodiment, the control unit 40 performs driving
control for adjusting the amount of light of the lighting LED
39 through the PWM control process. In other words, ina case
where dimmer control of the lighting LED 39 is performed by
depressing the lighting switch 37 for a long time in the state in
which the lighting LED 39 is turned on, the amount of light is
adjusted by changing the duty ratio of the PWM control
process.

In addition, in the image capturing system 1 according to
this embodiment, the lighting device 3 is used not only as a
lighting stand, but, by setting the smartphone 2 in the lighting
device 3, the medium 6 can be scanned by reading the
medium 6 that is installed on the medium installation face 5
by using the smartphone 2. The scanning of the medium 6 in
the image capturing system 1 will now be described. When
the medium 6 is scanned, the smartphone 2 is mounted on the
mounting face 34 of the top unit 33 so as to position the image
capturing unit 21 of the smartphone 2 on the lower side in a
direction in which the image capturing unit 21 is exposed
from the top unit 33.

The smartphone 2 and the lighting device 3 are configured
to transmit and receive information thereof by performing
communication between the communication unit 22 of the
smartphone 2 and the communication unit 45 of the lighting
device 3. In addition, the smartphone 2 can perform a photo-
graphing operation in accordance with the reception of a
control signal that is transmitted from the lighting device 3. In
the image capturing system 1, the start of scanning is trig-
gered upon the press of the scan switch 36. Accordingly, the
smartphone 2 mounted in the top unit 33 of the lighting device
3 continues to wait for the reception of a scan start trigger
transmitted from the lighting device 3 in the communication
unit 22.

In this state, when the scan switch 36 of the lighting device
3 is depressed by the user, a scan start trigger is transmitted
from the lighting device 3 to the smartphone 2. This scan start
trigger is transmitted from the communication unit 45 of the
lighting device 3 and is received by the communication unit
22 of the smartphone 2. The smartphone 2 that has received
the scan start trigger starts the dimmer control of the lighting
LED 39 that is included in the lighting device 3.

In other words, while the lighting LED 39 is controlled to
the brightness level preferred by the user in accordance with
an input manipulation for the lighting switch 37, the bright-
ness level required in the photographing process performed
by the smartphone 2 does not always match the brightness
level preferred by the user. Accordingly, the smartphone 2
instructs the lighting device 3 such that the amount of light
emitted from the lighting LED 39 is the maximum amount of
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light. In other words, a control signal for setting the amount of
light of the lighting LED 39 to be a brightest level is trans-
mitted from the communication unit 22 of the smartphone 2.
The control unit 40 of the lighting device 3 that has received
this control signal using the communication unit 45 sets the
duty ratio of the PWM control process to 100% so as to cause
the lighting LED 39 that has been turned on and off at high
speed by the PWM control process to be in a constantly
turned-on state, in other words, a turned-on state all the time,
thereby setting the amount of light of the lighting LED 39 to
be maximum.

The smartphone 2 photographs the image of the photo-
graphed area 7 in the state in which the amount of light of the
lighting LED 39 is a maximum by using the image capturing
unit 21 and photographs the image of the photographed area
7 on the medium installation face 5, thereby capturing the
image of the medium 6 within the photographed area 7.
Accordingly, the image capturing system 1 photographs the
medium 6 in an optimal environment created by the lighting
LED 39 that is a lamp included therein, thereby scanning the
medium 6. The image acquired through this scanning is
adjusted to have an appropriate image quality in the image
processing performed by the image processing unit 23
included in the smartphone 2 and then is recorded to be stored
in the recording unit 24.

Here, effects acquired by setting the duty ratio of the PWM
control process to 100% other than the change in the amount
of light will be described. The human eyes accumulate light
arriving at retinas at a specific time interval and perceive the
accumulated light as an image, whereby a lighting that is
turned on and off at a high speed is recognized as averaged
uniform light. In other words, the eyes of a person do not feel
flickering of the light for which the PWM control process has
been performed. On the other hand, since an electronic device
such as the image capturing unit 21 of the smartphone 2 or a
digital camera can perceive light at a speed higher than that of
the human eyes, the turning on and off of light, by the PWM
control process to adjust the amount of light, influences on the
image. Particularly, in the case of a camera that forms a
two-dimensional image by exposing each line and aligning
one dimensional images thereof, the turning on and off of the
light performed by the PWM control process on the front side
generate dark portions and bright portions for each line,
whereby interference fringes are generated.

On the contrary, in the image capturing system 1 according
to this embodiment, since the duty ratio of the PWM control
process at the time of an photographing process performed by
the image capturing unit 21 of the smartphone 2 is set to
100%, the lighting LED 39 at the time of the photographing
process emits light without being turned on and off. Accord-
ingly, the image capturing unit 21 of the smartphone 2 that
photographs the photographed area 7 using the light of the
lighting LED 39 can photograph an image having no inter-
ference fringes. In the image capturing system 1 according to
this embodiment, by setting the duty ratio of the PWM control
process to 100% at the time of the photographing process
performed by the image capturing unit 21, not only the bright-
ness level of the photographed area 7 is set to a brightness
level that is appropriate to the photographing process, but an
image can be photographed using the image capturing unit 21
without generating interference fringes therein.

As above, after the medium 6 is scanned with the duty ratio
of the PWM control process being set to 100%, the smart-
phone 2 instructs the lighting device 3 of the amount of light
of the lighting LED 39 such that the brightness level of the
emission range 8 of the lighting LED 39 is restored to the
original brightness level, in other words, the brightness level

20

25

40

45

10

before scanning. Accordingly, the image capturing system 1
emits light onto the emission range 8 again with the bright-
ness level preferred by the user.

In addition, in consideration of a case in which the user
intentionally desires to perform photographing with the light-
ing device 3 being turned off when the medium 6 is scanned,
when the lighting LED 39 is turned off at a time point at which
the scan switch 36 is depressed, scanning is performed with-
out performing dimmer control of the lighting LED 39. In
other words, when the lighting LED 39 is turned off at the
time of performing scanning, the medium 6 is scanned with-
out turning on the lighting LED 39.

Next, the control sequence of the image capturing system 1
that performs irradiation with an arbitrary brightness level
and scans the medium 6 installed on the medium installation
face 5, as described above, will be described. In the descrip-
tion presented below, the control sequence at the time of
operating the lighting device 3 and the control sequence at the
time of performing the operation of the smartphone 2 will be
separately described.

FIG. 7 is a flowchart illustrates the control sequence at the
time of the operation of the lighting device included in the
image capturing system illustrated in FIG. 1. The lighting
device 3 of which the power switch 38 is turned on, first,
determines whether or not the lighting switch 37 is depressed
in Step ST101. The determination relating to the lighting
switch 37 is performed by the control unit 40 based on the
state of the lighting switch 37. According to the determina-
tion, in a case where the lighting switch 37 is determined to
have been depressed (Yes in Step ST101), subsequently, it is
determined whether or not the depression is a short-time
depression in Step ST102.

According to this determination, in a case where the
depression of the lighting switch 37 is determined notto be a
short-time depression (No in Step ST102), in other words, in
a case where it is determined that the lighting switch 37 has
been depressed for a long time, dimmer control of the lighting
LED 39 is performed by the LED driver 41 in Step ST103. In
other words, during the depression of the lighting switch 37,
a control process to increase and decrease the amount of light
of'the lighting LED 39 is repeatedly performed by increasing
and decreasing the duty ratio of the PWM control process.

On the other hand, in a case where the depression of the
lighting switch 37 is determined to be the short-time depres-
sion (Yes in Step ST102), subsequently, whether or not the
lighting LED 39 is in the turned-off state is determined by the
control unit 40 in Step ST104. According to this determina-
tion, in a case where the lighting LED 39 is determined not to
be in the turned-off state (No in Step ST104), in other words,
in a case where the lighting LED 39 is determined to be in the
turned-on state, the lighting LED 39 is turned off in Step
ST105. On the other hand, in a case where the lighting LED
39 is determined to be in the turned-off state (Yes in Step
ST104), the lighting LED 39 is turned on in Step ST106.

As described above, after either of the steps of turning on
the lighting LED 39 in Step ST106, turning off the lighting
LED 39 in Step ST105, or performing the dimmer control of
the lighting LED 63 in Step ST103 or, in a case where the
lighting switch 37 is determined not to have been depressed
according to the determination made in Step ST101 (No in
Step ST101), subsequently, it is determined whether or not
the scan switch 36 has been depressed in Step ST107. The
determination relating to the scan switch 36 is made by the
control unit 40 based on the state of the scan switch 36.

According to this determination, in a case where the scan
switch 36 is determined to have been depressed (Yes in Step
ST107), a scan instruction is made in Step ST108. In other
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words, an instruction signal indicating the execution of a
scanning operation is transmitted to the smartphone 2 by
using wireless communication performed by the communi-
cation unit 45.

When this scan instruction is made in Step ST108, or, in a
case where the scan switch 36 is determined not to have been
depressed (No in Step ST107), subsequently, it is determined
whether or not a dimmer control command has been received
in Step ST109. In other words, it is determined whether or not
a command indicating the dimmer control of the amount of
light of the lighting LED 39 has been received by the com-
munication unit 45. According to this determination, in a case
where the dimmer control command is determined not to have
been received (No in Step ST109), the process exits from one
cycle in this control sequence.

On the other hand, in a case where a dimmer control com-
mand is determined to have been received (Yes in Step
ST109), the dimmer control of the lighting LED 39 is per-
formed in Step ST110. For example, the dimmer control
command is a command at the time of performing scanning,
the duty ratio of the PWM control process at the time of
adjusting the amount of light of the lighting LED 39 is set to
100%, whereby the amount of light of the lighting LED 39 is
set to a maximum. On the other hand, in a case where the
dimmer control command is a command after the completion
of scanning, the duty ratio of the PWM control process at the
time of adjusting the amount of light of the lighting LED 39
is returned to the duty ratio before scanning, whereby the
amount of light of the lighting LED 39 is set to the amount of
light before scanning.

After the dimmer control of the lighting LED 39 is per-
formed, subsequently, a signal of completion of the dimmer
control (hereinafter, dimmer-control-completion signal) is
transmitted from the communication unit 45 to the smart-
phone 2 in Step ST111. When the dimmer-control-comple-
tion signal is transmitted, the process exits from one cycle of
the control sequence. The lighting device 3 operates by
repeating the cycle of such a control sequence.

FIG. 8 is a flowchart that illustrates a control sequence at
the time of the operation of a smartphone included in the
image capturing system illustrated in FIG. 1. First, the smart-
phone 2 determines whether or not a scan trigger transmitted
from the lighting device 3 has been received by the commu-
nication unit 22 in Step ST201. Each determination in the
smartphone 2 is made by the CPU 25. According to this
determination, in a case where the scan trigger is determined
not to have been received (No in Step ST201), the process
exits from one cycle of this control sequence.

On the other hand, in a case where a scan trigger is deter-
mined to have been received (Yes in Step ST201), subse-
quently, it is determined whether or not the lighting LED 39
of'the lighting device 3 is in the turned-on state in Step ST202.
By this determination, the turned on/off state of the lighting
LED 39 is determined by acquiring the operation state of the
lighting device 3 by the smartphone 2 through wireless com-
munication performed with the lighting device 3.

According to this determination, in a case where the light-
ing LED 39 of the lighting device 3 is determined to be in the
turned-on state (Yes in Step ST202), an instruction of a maxi-
mum amount of light (hereinafter, maximum-light-amount
instruction) is made in Step ST203. In other words, an instruc-
tion signal to set the amount of light of the lighting LED 39,
which is in the turned-on state, to the maximum is transmitted
to the lighting device 3 through wireless communication
using the communication unit 22.

When the maximum-light-amount instruction is made,
subsequently, it is determined whether or not dimmer control
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has been completed in Step ST204. When the dimmer control
is completed, in order to transmit the signal of completion of
the dimmer control (FIG. 7) in Step ST111, the lighting
device 3 determines whether or not the dimmer control has
been completed based on whether or not the dimmer-control-
completion signal has been received. According to this deter-
mination, in a case where it is determined that the dimmer
control has not been completed (No in Step ST204), the
determination is repeated until the dimmer-control-comple-
tion signal is received.

On the other hand, in a case where the dimmer control is
determined to have been completed (Yes in Step ST204),
subsequently, the exposure or the white balance is adjusted in
Step ST205. The adjustment is performed not only in a case
where the dimmer control at the maximum amount of light is
determined to have been completed (Yes in Step ST204) but
also in a case where the lighting LED 39 of the lighting device
3 is determined not to be in the turned-on state (No in Step
ST202). In other words, the exposure and the white balance
are adjusted to be appropriate to the current photographing
state of the photographed area 7 in the image capturing unit
21.

Next, the photographed area 7 is photographed using the
image capturing unit 21 in Step ST206. Accordingly, the
medium 6 that is installed to the photographed area 7 on the
medium installation face 5 is photographed. When photo-
graphing is performed by the image capturing unit 21, sub-
sequently, an instruction of restoring the amount of light
(hereinafter, light-amount-restoring instruction) is made in
Step ST207. In other words, an instruction of restoring the
amount of light of the lighting LED 39, which is adjusted in
accordance with a light amount instruction (Step ST203)
transmitted from the smartphone 2, to the amount of light
before the light amount instruction (Step ST203) is made by
the smartphone 2 for the lighting device 3.

When the light-amount-restoring instruction is made, it is
determined whether the restoring of the amount of the light of
the lighting LED 39 has been completed in Step ST208.
According to this determination, in a case where the restoring
of the amount of the light is determined not to have been
completed (No in Step ST208), the determination is repeated
until the restoring of the amount of the light is determined to
have been completed.

When the restoring of the amount of the light is determined
to have been completed (Yes in Step ST208), subsequently,
image processing is performed in Step ST209. For example,
since the image capturing unit 21 photographs the medium 6
that is installed to the medium installation face 5 from the
upper side of the inclination, image processing is performed
by the image processing unit 23 such that image data acquired
by photographing the medium 6 from the upper side of the
inclination becomes an image acquired by photographing the
medium 6 from the upper side in the vertical direction.

When this image processing is completed, an image after
the image processing is stored in the recording unit 24 in Step
ST210. When the image after the image processing is stored,
the process exits from one cycle of the control sequence. The
smartphone 2 operates by repeating the cycle of such control
sequence, and the image capturing system 1 scans the
medium 6 that is installed on the medium installation face 5
by cooperatively operating the smartphone 2 and the lighting
device 3 and stores the acquired image in the smartphone 2.

When the medium 6 is scanned, control is performed with
the smartphone 2 and the lighting device 3 operating in coop-
eration with each other as above. Subsequently, as above, the
transition of control between the smartphone 2 and the light-
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ing device 3 for which the control process advances in coop-
eration with each other will be described.

FIG. 9 is a control transition diagram between the lighting
device and the smartphone at the time of scanning a medium.
In the scanning of the medium 6, first, by depressing the scan
switch 36 of the lighting device 3, an operation for scanning
is started in Step ST301. The depressing of the scan switch 36
is transmitted to the smartphone 2 as a scan trigger. The
smartphone 2 that has received the scan trigger makes the
maximum-light-amount instruction for the lighting device 3
in Step ST401.

The lighting device 3 that has received a dimmer control
command at the maximum amount of light sets the duty ratio
of the PWM control process to 100%, thereby performing
dimmer control such that the amount of light of the lighting
LED 39 is the maximum amount of light in Step ST302.
When the dimmer control of the lighting LED 39 is com-
pleted, the lighting device 3 transmits the dimmer-control-
completion signal to the smartphone 2 in Step ST303.

When the dimmer-control-completion signal is received by
the smartphone 2, the smartphone 2 adjusts the exposure and
the white balance to be appropriate to the current photograph-
ing state of the photographed area 7, which is irradiated with
emission light emitted from the lighting LED 39 at the maxi-
mum amount of light in Step ST402. When the exposure and
the white balance are adjusted, the smartphone 2 photographs
the image of the medium 6 using the image capturing unit 21
in Step ST403. When the photographing is completed, the
smartphone 2 makes the light-amount-restoring instruction
for the lighting device 3 in Step ST404.

The lighting device 3, which has received a dimmer control
command of the light-amount-restoring instruction, sets the
duty ratio of the PWM control process to the duty ratio before
the depression of the scan switch 36 and performs dimmer
control such that the amount of light of the lighting LED 39 is
the amount of light before the depression of the scan switch
36 in Step ST304. When the dimmer control of the lighting
LED 39 is completed, the lighting device 3 transmits the
dimmer-control-completion signal to the smartphone 2 in
Step ST305.

Accordingly, the image capturing system 1 performs pho-
tographing with the amount of light of the lighting LED 39
being set to an amount of light appropriate to the photograph-
ing in the image capturing unit 21 at the time of scanning the
medium 6 while waiting in the state of being usable as a
lighting stand.

The lighting device 3 according to the embodiment
described above sets the amount of light of the lighting LED
39 to be maximum at the time of photographing the medium
6 and thus can perform photographing with a brightness level
that is appropriate to the photographing. In addition, after the
photographing, the amount of the light of the lighting LED 39
is returned to the amount of light before the photographing,
and accordingly, the brightness level of the emission range 8
can be set to a brightness level of a user’s taste. As a result, an
optimal image can be acquired at the time of photographing,
and the function of the lighting device 3 as alighting stand can
be maintained at the other time.

In addition, the control unit 40 of the lighting device 3 sets
the duty ratio of the PWM control process at the time of
adjusting the amount of light of the lighting LED 39 to 100%
when the medium 6 is imaged and, accordingly, can suppress
interference fringes in the image that are generated due to
turning on and off of the lighting LED 39 according to the
PWM control process. As a result, an optimal image can be
more reliably acquired.
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Furthermore, since the image capturing system 1 accord-
ing to the embodiment is equipped with the lighting device 3
and the smartphone 2 that photographs the medium 6, in a
case where the medium 6 is imaged by the smartphone 2, the
photographing can be performed with a brightness level that
is appropriate to the photographing and can set a brightness
level of a user’s taste after the photographing. As a result, an
optimal image can be acquired at the time of photographing,
and the function as a lighting stand can be maintained at the
other time.

In addition, according to the lighting control method of'the
embodiment, the amount of light of the lighting LED 39 is set
to the maximum when photographing is performed by the
smartphone 2, and accordingly, the photographing can be
performed with a brightness level that is appropriate to the
photographing process. Furthermore, after the photographing
process, the amount of light of the lighting LED 39 is returned
to the amount of light before the photographing process, and
accordingly, the brightness level can be set to a brightness
level of a user’s taste after the photographing process. As a
result, an optimal image can be acquired at the time of the
photographing process, and the function as a lighting stand
can be maintained at the other time.

MODIFIED EXAMPLE

While the above-described image capturing system 1 per-
forms driving control for adjusting the amount of light of the
lighting LED 39 through the PWM control process, the
adjustment of the light of the lighting LED 39 may be per-
formed through a process other than the PWM control pro-
cess. The adjustment of the amount of the light of the lighting
LED 39 may be performed through an analog control process
for adjusting a current in accordance with a target amount of
light. Also in a case where the adjustment of the amount of the
light of the lighting LED 39 is performed through the analog
control process, in a case where the lighting device 3 is used
as a lighting stand, the current flowing through the lighting
LED 39 is adjusted in accordance with the brightness level of
a user’s taste, and, at the time of scanning the medium 6, the
amount of the light of the lighting LED 39 is set to the
maximum by allowing a maximum current to flow through
the lighting LED 39, whereby an optimal image can be
acquired.

In addition, in the above-described image capturing system
1, in order to prevent interference fringes generated at the
time of the photographing process performed in the smart-
phone 2 by using the emission light emitted from the lighting
LED 39 for which the PWM control process is performed,
while the duty ratio of the PWM control process at the time of
the photographing process is set to 100%, the suppression of
interference fringes may be performed using any other tech-
nique. For example, when a PWM frequency that is the fre-
quency of the PWM control process is set to a frequency that
is sufficiently higher than the exposure frequency of the
smartphone 2, reduction of the interference fringes in the
image may be achieved. As the PWM frequency of such a
case, a value acquired by multiplying a pixel gray scale by the
exposure frequency is appropriate. For example, when the
exposure frequency of the smartphone 2 is 1 kHz, and the
pixel is represented in 8 bits (256 gray scales), it is preferable
that the PWM frequency be 256 kHz or more. As above, by
setting the PWM frequency to a frequency that is sufficiently
higher than the exposure frequency of the smartphone 2
instead of setting the duty ratio of the PWM control process to
100%, the interference fringes in the image can be reduced.
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Furthermore, in the above-described image capturing sys-
tem 1, while the image data acquired by performing the
photographing process using the smartphone 2 is stored in the
recording unit 24 of the smartphone 2, the image data may be
stored in a unit other than the smartphone 2. For example,
when photographing is performed by the smartphone 2, the
image data may be transmitted to the lighting device 3 and
stored in the lighting device 3. Alternatively, the image data
may be transmitted to an external server and stored in the
external server.

In addition, while the above-described image capturing
system 1 can adjust the brightness level to a desired bright-
ness level in a case where the lighting device 3 is used as a
lighting stand, the brightness level in a case where the image
capturing system is used as a lighting stand may be configured
to be constant. In other words, the amount of light emitted by
the lighting LED 39 may be configured to have two levels as
the amount of light at the time of using the lighting device 3
as a lighting stand and the amount of light at the time of
scanning the medium 6. In such a case, the amount of light of
the lighting LED 39 at the time of scanning the medium 6 is
set to the maximum amount of light, and the amount of light
at the time of using the lighting device 3 as a lighting stand is
set to an amount of light that corresponds to a brightness level
at which the user does not feel the glare thereof. By config-
uring the amount of light to have two levels as above, nor-
mally, the amount of light is set to the amount of light at the
time of using the lighting device as a lighting stand, the
amount of light is set to the maximum amount of light only at
the time of scanning the medium 6, and the amount of light is
returned to the original amount of light when the scanning is
completed. Accordingly, an optimal image can be acquired at
the time of the photographing process, and the function of the
lighting device 3 as a lighting stand can be maintained at the
other time.

Furthermore, in the above-described image capturing sys-
tem 1, while the smartphone 2 is used as an image capturing
unit that photographs the medium 6 installed to the medium
installation face 5, any unit other than the smartphone 2 may
be used as the image capturing unit. As the image capturing
unit, for example, a digital camera having a function for
communicating with the lighting device 3 may be used. The
form of the image capturing unit is not limited as long as it can
perform a photographing process based on a scan trigger
transmitted from the lighting device 3 by communicating
with the lighting device 3.

The lighting device, the image capturing system, and the
lighting control method according to the present invention
have an advantage of being capable of acquiring an optimal
image at the time of capturing an image and maintaining the
function as a lighting device at the other time.

Although the invention has been described with respect to
specific embodiments for a complete and clear disclosure, the
appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructions that may occur to one skilled in the art that
fairly fall within the basic teaching herein set forth.

What is claimed is:

1. A lighting device comprising:

a base unit arranged on a medium installation face on

which a medium that is a reading target is disposed;

an arm unit extending upwardly from the base unit;

a top unit extending from the arm unit so as to face the

medium installation face;

amounting face disposed on the top unit to mount an image

capturing unit at a position for photographing the
medium disposed on the medium installation face, the

10

15

20

25

30

35

40

45

50

55

60

65

16

image capturing unit including a first communication

unit to perform wireless communication;

a lighting disposed in the top unit to irradiate the medium
installation face;

a lighting control unit configured to perform driving con-
trol to adjust an amount of light of the lighting;

a second communication unit arranged in the lighting
device, the second communication unit configured to
perform wireless communication with the first commu-
nication unit, and

a scan switch disposed on the base unit, the scan switch
generating a scan start trigger to be transmitted to the
image capturing unit through the second communica-
tion unit and the first communication unit,

wherein the image capturing unit is configured to deter-
mine whether or not the lighting is in a turned-on state
subsequent to receiving the scan start trigger, and when
the lighting is determined to be in the turned-on state, the
image capturing unit instructs the lighting control unit to
set the amount of light of the lighting to a maximum at
the time of photographing and, after the photographing,
the image capturing unit instructs the lighting control
unit to return the amount of light of the lighting to the
amount of light before the photographing, and

when the lighting is determined to be in the turned-off state
subsequent to receiving the scan start trigger, the image
capturing unit perform photographing without turning
on the lighting.

2. The lighting device according to claim 1,

wherein the driving control is pulse width modulation
(PWM) control, and

wherein the lighting control unit sets a duty ratio of the
PWM control to 100% at the time of the photographing.

3. An image capturing system comprising:

an image capturing unit configured to photograph a
medium; and

a lighting device including
a base unit arranged on a medium installation face on

which the medium that is a reading target is disposed,
an arm unit extending upwardly from the base unit,

a top unit extending from the arm unit so as to face the
medium installation face,

a mounting face disposed on the top unit to mount the
image capturing unit at a position for photographing
the medium disposed on the medium installation face,

alighting disposed in the top unit to irradiate the medium
installation face,

a lighting control unit configured to perform driving
control to adjust an amount of light of the lighting,

a second communication unit arranged in the lighting
device, the second communication unit configured to
perform wireless communication with the first com-
munication unit, and

a scan switch disposed on the base unit, the scan switch
generating a scan start trigger to be transmitted to the
image capturing unit through the second communica-
tion unit and the first communication unit,

wherein the image capturing unit is configured to deter-
mine whether or not the lighting is in a turned-on state
subsequent to receiving the scan start trigger, and when
the lighting is determined to be in the turned-on state, the
image capturing unit instructs the lighting control unit to
set the amount of light of the lighting to a maximum at
the time of photographing and, after the photographing,
the image capturing unit instructs the lighting control
unit to return the amount of light of the lighting to the
amount of light before the photographing, and
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when the lighting is determined to be in the turned-off state
subsequent to receiving the scan start trigger, the image
capturing unit perform photographing without turning
on the lighting.

4. A method of controlling lighting of a lighting device
including a base unit arranged on a medium installation face
on which a medium that is a reading target is disposed, an arm
unit extending upwardly from the base unit, a top unit extend-
ing from the arm unit so as to face the medium installation
face, a mounting face disposed on the top unit to mount an
image capturing unit at a position for photographing the
medium disposed on the medium installation face, the image
capturing unit including a first communication unit to per-
form wireless communication, a lighting disposed in the top
unit to irradiate the medium installation face, and a second
communication unit arranged in the lighting device, the sec-
ond communication unit configured to perform wireless com-
munication with the first communication unit, a scan switch
generating a scan start trigger to be transmitted to the image
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capturing unit through the second communication unit and
the first communication unit, the method comprising:

irradiating the medium installation face with an amount of
light of the lighting;

receiving the scan target trigger;

determining whether or not the lighting is in a turned-on
state at the image capturing unit subsequent to receiving
the scan start trigger;

when it is determined that the lighting is in the turned-on
state subsequent to receiving the scan start trigger,
instructing from the image capturing unit to set the
amount of light of the lighting to a maximum at the time
of photographing; and

after the photographing, instructing from the image cap-
turing unit to return the amount of light of the lighting to
the amount of light before the photographing, and

when it is determined that the lighting is in turned-off state
subsequent to receiving the scan start trigger, perform-
ing photographing without turning on the lighting.
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